The mass budget of Khumbu Glacier is estimated on the basis of ablation observation at the lower part of the glacier. The accumulation is calculated assuming that there is uniform precipitation on the glacier surface. The total ablation from the glacier is more than triple of the accumulation by the snowfall on the glacier. Mass supply from the surrounding walls is necessary for the mass balance of the glacier. The latter is estimated to be more than double of the direct snowfall onto the glacier. This suggests the possibility that snowfall at 7000-8000m is of the same order as observed at 4000m.
Due to the limitation of combined systematic observations in glaciology, meteorology and hydrology, no studies on mass budget of the glacier in the Himalayas have been made hitherto. The accumulation on glaciers in the Himalayas depends on various processes, namely, precipitation in monsoon period or winter, snow avalanches and blowing snow. Types of glaciers are complex in the Himalayas, but it may be possible that differences in type of glacier can be explained by differences in the accumulation process.
An estimate of the mass budget is made for the Khumbu Glacier, which is large "debriscovered type glacier" defined by Moribayashi (1974) , basing on the observational results of accumulation and ablation obtained through the Glaciological Expedition of Nepal and by Muller (1968) .
Mass budget of the glaciers in the Himalayas
Schematic models of the mass budgets of the glaciers in the Himalayas are illustrated in Fig. 1 . By the definitions of the mass balance terms (IASH/UNESCO 1970), all processes by which mass is added to the glacier are 'accumulation' and those by which mass is lost from the glacier are 'ablation'. The main processes of accumulation on the glaciers in the Himalayas are snowfall on the glacier and mass supply from the surrounding walls through avalanches and blowing snow, while ablation occurs through melting only.*** The role of evaporation as an ablation process is considered relatively small due to high humidity during the monsoon and low temperature in winter. Mass is added at the upper part of the glacier (accumulation area) and is lost at the lower part (ablation area) as shown in Fig.  1 a. The boundary between these two areas, where no mass change occurs, is called the 'equilibrium line'.
Annual accumulation, ablation and mass change at points along the longitudinal line of the glacier are illustrated in Fig. lb . Although winter snowfalls cover the whole area of the glacier surface, monsoon snowfalls change their form to rain below some altitude due to the high temperature in summer. Rainfall on the lower part of the glacier is removed away as run-off on the surface, and does not contribute to the mass gain of the glacier. Thus the annual accumulation is considered to be a minimum at lower end of the glacier. Melting occurs everywhere on the glacier. Ice layers formed by the repeat of melting and refreezing on snow surface can be seen at an altitude as high as 8,000m. However, ablation does not occur at the upper accumulation area when neglecting the evaporation and sublimation loss, since melt water formed at such a place re- freezes there and does not leave the glacier. Scattered debris on the glacier surface promotes the melting of ice by absorption of solar radiation, while thick debris near the glacier terminus reduces the melting of ice. The ablation curve reaches its maximum at some place in the ablation area and decreases towards the glacier end.
The 'annual balance' at each point of the glacier, which is expressed as (annual accumulation) -(annual ablation); should become zero when integrated over the whole glacier area if the glacier maintain a steady-state.
3. Mass budget of Khumbu Glacier 3-1. Khumbu Glacier Khumbu Glacier, which starts from the basin surrounded by Mt. Sagarmatha (Everest, 8, 848m) and Lhotse (8, 511m) , is one of the biggest glaciers in the Khumbu region. A cross-sectional profile along the longitudinal line of the glacier is illustrated in Fig. 2a . The edge of the glacier at the upper accumulation area is defined by a continuous Bergschrund. The upper limit of the glacier is around 6,800m on the southwest face of Sagarmatha and up to 8,000m on the Lhotse face. The drainage of the glacier is divided into 200m contour intervals and numbered from I to XIV. The mean width of each interval is shown in Fig. 2b , and the part of each interval covered by the glacier is shaded.
Khumbu Glacier does not have a single accumulation basin but compound ones as shown in the map of the Khumbu region (Higuchi, 1976) . They are Changri Glacier, a glacier flows from the southeast face of Pumo Ri, a glacier from Lintren and a glacier from the west peak of Nuptse. The former two glaciers can be regarded as having their own glacier end apart from the Khumbu glacier at present. The latter two glaciers end shortly after their intrusion into the Khumbu glacier. Since they can be separated from Khumbu glacier, their areas are read on the map and subtracted from the areas shown in Fig. 2b . Because the abscissa of Fig. 2b is a distance, integration over this Fig. gives the horizontal area on the map. The area of the surrounding wall is nearly 7 times as large as the glacier area around 7,000-8,000m.
3-2. Estimate of ablation The Glaciological Expedition of Nepal made thermal drilling at the upper part of zone III on 10th August 1974 (Mae et al., 1975 . The drilling was stopped at a depth due to the freezing of the drilled hole. Electric wire induced from the tip of the drill has been kept in the glacier body and the ablation on the glacier surface was checked in October 1974 and August 1976. The ablation of the glacier ice was 880cm in around two years. Muller (1968) measured the ablation at Everest Base Camp, which is located at almost the same place of our drilling site, and obtained an estimate of ice ablation of 507cm from April to November 1956. The ablation data of G.E.N. and a part of Mailer's data are shown in Table  1 .
It is necessary to assume the ablation rate in August for the estimation of annual ice ablation through the data of a) and b) in Table 1 . Assuming that the ice ablation of 200cm (a) and 176 cm ((c) + (d)) during the nearly same periods are not so different in spite of the different year's data source, the ablation rate of 2.6cm/day in August can be estimated from c) in Tab. 1. Thus annual ice ablation at the upper part of zone III is estimated as 415 cm substracting the estimated ice ablation of 25cm (11-29 August 1976) from a) + b).
Since almost the same value of ice ablation was observed at the lower part of zone III in 1973 and 1974 , this value can be regarded as a representative ice ablation for this zone. glacier. The form of the movement of snow is probably snow avalanches and blowing snow. The former is a shower-like avalanche of snow powder which mainly occurs at steep walls just after snowfalls.
Remarks
In case of the Khumbu Glacier, nearly one third of the accumulation basin is occupied by walls with altitude higher than 7,000m. This suggest that almost the same amount of precipitation as observed at 4,000m is expected to occur at such a high altitude.
The mass budget of the Khumbu Glacier could be estimated because the zone where the equilibrium line exists is very narrow and the accumulation and ablation areas do not change so much due to differences in the position of the equilibrium line. In the case of other glaciers, it is sometimes very difficult to fix the equilibrium line on each glacier and a slight difference in its altitude produces a serious error in the mass budget estimation.
However, a further attempt of the estimate of mass budget should be made on another glacier of different type. In case of the glaciers in the Himalayas snow survey data taken at the end of monsoon season can substitute annual accumulation data considering that the monsoonal snowfalls are dominant in the annual precipitation.
Moreover it is easy to determine the equilibrium line of the glacier, because below this line old ice is exposed in this season. In case of dirtytype glaciers measurements of ablation should be concentrated in the part of the glacier with scattered super-glacial moraines.
